Objective: Although a high intake of fat, particularly SFA, is a well-known risk factor for CVD, fat intake in Japan has attracted relatively little attention from health professionals to date due to the low intake in the Japanese population. However, recent surveys have shown an increase in fat intake in younger Japanese populations. Here, we described the fat intake and dietary sources of SFA in Japanese schoolchildren. Also, we experimentally exchanged a high-SFA food with a low-SFA substitute in the data, and calculated the resulting changes in nutrient intakes. Design: The study was conducted nationwide under a cross-sectional design. A non-consecutive, three-day diet record was performed on two school days and a non-school day. Setting: Fourteen elementary and thirteen junior high schools. Subjects: Elementary-school children (n 629) and junior high-school children (n 281). Results: Prevalence of excess fat intake was 35·4 % in boys and 45·0 % in girls. Excess SFA intake was suspected in 97·7 % of boys and 99·4 % of girls when the dietary reference intake values for adults were applied. Major dietary sources of SFA were meat (26·4 % of total SFA intake), dairy products (25·7 %) and confectioneries (11·3 %). Conclusions: Since one-third to nearly one-half of our Japanese schoolchildren consumed excess fat, careful monitoring of fat intake in the Japanese population should be continued. Adoption of low-fat milk and/or lean meat in daily meals might be a suitable means of reducing fat, particularly SFA intake, in schoolchildren.
Higher intake of SFA has been associated with higher serum total and LDL cholesterol concentrations (1) (2) (3) and higher risk of CVD (4, 5) . SFA are not essential fatty acids and minimization of intake as low as possible is preferable for good health (6, 7) . Since extreme restriction of SFA intake can cause insufficiencies in other nutrients such as protein or essential fatty acids, however, dietary recommendations or guidelines in several countries set maximum SFA intake at around 10 % of energy (E%). However, SFA intake in most Western countries is higher than the recommended values in both adults and children (6, 8, 9) .
Fat intake in Japan has so far attracted relatively little attention from health professionals. The fat content of traditional Japanese dishes is generally low, and the mean fat intake in the Japanese population of 26·3 E % in 2014 (10) is within the range (20-30 E %) of 'the tentative dietary goal for preventing life-style related diseases (DG)' for total fat in the Dietary Reference Intakes (DRI) for Japanese, 2015 (11) . With regard to SFA, the DG has been set at ≤7 E % for adults, but no reference value has been set for children due to a lack of SFA intake data (11) . Nevertheless, the National Health and Nutrition Survey in Japan showed that fat intake in young generations was much higher than that in older people in Japan. The proportion of adults whose fat intake in 2014 was more than 30 E % was 49·7 % in people in their 20s, but only 15·8 % in those in their 70s or older (10) . With traditional diets changing to more Westernized diets, fat intake among the Japanese population may continue to increase with time. In addition, heart disease has become the second-leading cause of death in Japan, with mortality of 156·5 per 100 000 individuals in 2015 (12) . Given reports that dietary habits established in childhood track into later life (13) , this increasing fat intake in younger Japanese warrants careful observation.
We had the opportunity to conduct a nationwide dietary assessment among Japanese schoolchildren (14) . Here, we utilized these data to describe fat intake and dietary sources of SFA in Japanese elementary-school and junior high-school children in detail. In addition, we experimentally exchanged a high-SFA food with a low-SFA substitute (e.g. full-fat milk to low-fat milk) in the data, and calculated the resulting changes in nutrient intakes.
Methods

Study participants
Details of the study design and participant characteristics have been reported elsewhere (14) . Briefly, twelve prefectures (Aomori, Yamagata, Ibaraki, Tochigi, Toyama, Shiga, Shimane, Ehime, Kochi, Fukuoka, Saga and Kagoshima) were chosen as study areas in consideration of geographical conditions (e.g. north or south, rural or urban) and study feasibility. From each area, ninety children (thirty children in each of third and fifth grade of elementary school and thirty children in second grade of junior high school) on average were recruited by teachers in the schools. All children in classes selected for the survey received a written document to explain the survey and recording sheets for the diet record. Finally, a total of 1190 children (389 third and 392 fifth graders from fourteen elementary schools and 409 second graders from thirteen junior high schools) were recruited.
Semi-weighed diet record
In the present study, dietary intake of the subjects was assessed by diet record (DR) at home and school, and their weight and height were measured at school (14) . Each school set the period for the non-consecutive, three-day DR and conducted the measurement of height and weight within one month of that period. All records were collected by the study centre at the university of the researchers and checked by the researchers. The dietitians or teachers who managed the survey at each school had a correspondence table which linked the children's names and identification numbers for the survey, but the researchers did not have access to this information.
Details of the semi-weighed DR have been provided elsewhere (14) . Briefly, guardians of the participating children were asked to complete a three-day, non-consecutive DR of their children's dietary intake, of whom 915 complied (participation rate: 76·9 %). The three recording days for the DR consisted of two school days with a school lunch and one weekend day without a school lunch, all within the same week (e.g. Tuesday, Thursday and Saturday within one week).
Dietary intake from the school lunch was weighed and recorded by the school dietitian or the child under the dietitian's support. Dietary intake at home was recorded by the guardian who was the main preparer of meals for the participating child. All foods and beverages consumed out of school were recorded on the same two days set for the school lunch survey as well as on the one weekend (non-school) day. The guardians weighed the ingredients in dishes, the prepared dishes after cooking and all drinks, whenever possible. Leftover food was also weighed after the meal to estimate the net weight of consumed foods. If subjects ate out and weighing was difficult, they recorded the restaurant's name, names of dishes and whether any food was left uneaten.
The recording sheets for each survey day were handed directly to the school dietitian immediately after recording, then checked by the school dietitian as soon as possible. If missing or unclear information was recorded by a subject, the research dietitian questioned the subject directly. After this confirmation process, food item numbers (15) were assigned to all recorded foods and beverages. Recorded food items and weights were then reconfirmed by two research dietitians at the central office of the study. The weight of each food and ingredient included in the school lunch was estimated at the office based on the weight of consumed dishes and conversion charts prepared by the school dietitians. The data for the lunch and the other meals were combined, and the nutrient values were calculated. All calculations were performed with the statistical software package SAS version 9·4.
Other measurements
Body height and weight were measured to the nearest 0·1 cm and 0·1 kg, respectively, with the child wearing light clothing and no shoes. The prevalence of obesity in the children was evaluated by percentage of excess weight, which was defined using the formula: [(actual weight − standard weight)/standard weight] × 100 (%). If percentage of excess weight was ≥20 %, the child was categorized as overweight, and if ≤−20 %, he/she was categorized as underweight. The standard weight was calculated using age-and sex-specific formulas which included actual height and coefficients (16) .
Statistical analysis
Among the 915 children who completed the three-day DR, 910 were included in the analysis. Five children were eliminated from the analysis due to severe underreporting (14) . To compare the fat intakes reported in the DR and the corresponding DRI values (11) , we adjusted the reported fat intakes to the energy-adjusted intakes on the assumption that each subject consumed his/her estimated energy requirement (EER) rather than his/her reported energy (14) . The calculation method was as follows: Energyadjusted nutrient intake (amount/d) = [reported nutrient intake (amount/d) × EER (kcal/d)]/[observed energy intake (kcal/d)]. The EER for each child was calculated based on sex and age in days. Physical activity level was fixed to level II (moderate) (11) in all participating children due to the absence of quantitative information about physical activity. Utilizing these energy-adjusted fat intakes of three days, we estimated the distribution of habitual intake of total fat and each fatty acid in this population by the best-power method using HabitDist, a software application developed to perform this method (17) (18) (19) . The medians and interquartile ranges were described separately by sex and grade. For total fat and SFA, the percentage of energy (E%), i.e. the percentage of energy intake from total fat or SFA to total energy intake, was used for comparison with DRI values. The Japanese DRI give DG for total fat in children, but not for SFA (11) . We therefore tentatively applied the DG for SFA in adults to children (11) . Energy-adjusted intake levels outside the range of the corresponding DG were considered inadequate. For nutrients with an Adequate Intake, the prevalence of inadequacy was not calculated.
Next, the contributions of food groups as dietary SFA sources were explored. The definition of the food groups has been described elsewhere (20) . The contribution of each food group was calculated as follows: {[SFA intake (g) from each food group]/[daily total SFA intake (g)]} × 100 (%). The means of percentages were shown separately by sex and grade, and those less than 1 % were not shown.
Lastly, we experimentally exchanged a high-SFA food with a low-SFA substitute in the DR data, and estimated the resulting changes in nutrient intakes. The performed exchanges were:
1a. full-fat milk containing 3·8 % fat to low-fat milk containing 1·0 % fat (food item numbers (15) in the DR data: 13 001-13 003 were replaced with 13 005); 1b. full-fat and low-fat milk to skimmed milk containing 0·1 % fat (food item numbers 13 001-13 003 and 13 005 replaced with 13 006); 2. meat with fat (i.e. fatty meat including subcutaneous, intermuscular and intramuscular fat) to lean meat (e.g. food item numbers 11 004 and 11 005 (beef chuck with all fat or subcutaneous fat, raw) replaced with 11 006 (beef chuck, lean, raw)); and 3. deletion of confectioneries (food item numbers in the 15 000s consumed as 'snacks' were deleted from the DR data).
The nutritional value calculation was performed using SAS version 9·4 as described above. No energy adjustment was performed for this analysis because the intakes were compared within each subject. Energy, protein, total fat, SFA and PUFA intakes were described for all selected foods before and after the replacement by sex and grade separately. Other nutrients were chosen based on the dominance of contents in the foods and the prevalence of insufficiency among schoolchildren as clarified in a previous study (14) . Vitamin A and Ca for milk, thiamin and Fe for meat, and carbohydrate and salt for confectioneries were selected. Mean intakes before and after replacement were compared with the Wilcoxon signed-rank test. The prevalence of inadequacy was calculated for SFA intake by comparing the mean intake (E%) with the DG value for SFA intake in adults (≤7 E %). The mean intake used here differed from the habitual intake estimated by the bestpower method, and the distribution of the mean SFA intake was broader than that of the habitual intake. All analyses were performed using SAS version 9·4. Statistical tests were two-sided and P values of <0·05 were considered statistically significant.
Results
Subject characteristics are shown in Table 1 . Each grade and sex stratum included approximately 150 children. Energy-adjusted, habitual fat intake is described in Table 2 .
The prevalence of inadequacy for total fat intake was 35·4 % in all boys and 45·0 % in all girls. All instances of 'inadequacy' were 'excess intake' for total fat. Although the Japanese DRI do not provide reference values for SFA for children, we tentatively compared the SFA intake in children with the reference value (DG) for adults. The SFA intake of 97·7 % of the boys and 99·4 % of the girls was higher than the DG (≤7 E %). Major dietary sources of SFA are listed in Table 3 . The three major sources were meat (26·4 % of total SFA intake came from meats in all children), dairy products (25·7 %) and confectioneries (11·3 %). The contribution of dairy products and confectioneries to SFA intake was smaller in children in higher grades. Instead, the importance of meat as an SFA source increased with age, particularly in boys. The contribution of fish and shellfish was also larger in children in higher grades.
Estimated nutrient intakes before and after the replacement of SFA-rich foods in the data are shown in Table 4 . When full-fat milk was exchanged with low-fat milk, medians of SFA intake decreased from more than 9 E % (9·0-9·6) to 7·7-8·2 E %. This decrease was largest in the third graders. Protein and Ca intakes increased by this replacement, but vitamin A intake decreased. The prevalence of inadequacy was changed by the replacement from 53·0 % to 45·4 % for Ca and from 27·5 % to 38·2 % for vitamin A in the total population. If skimmed milk was used instead of full-fat milk, SFA intake decreased more (7·4-7·8 E %) but Ca and vitamin A intakes decreased. The prevalence of inadequacy was increased by this replacement from 53·0 % to 57·6 % for Ca and from 27·5 % to 46·5 % for vitamin A. The replacement of meat with fat with lean meat also decreased SFA intake to 7·9-8·8 E %. The decrease in SFA intake by meat replacement was smaller than that of milk, particularly in elementary-school children, whereas the effects of these foods were similar in junior high-school children. The meat replacement also increased protein and Fe intakes. Deletion of confectioneries as snacks also decreased SFA intake but the decrease was smaller than those with the other replacements. Salt intake also decreased slightly with this replacement. Almost all intakes were statistically significantly different before and after replacement, but carbohydrate intake was not significantly changed by the deletion of confectioneries in boys. The prevalence of inadequacy for SFA intake is also shown in Table 4 ; although prevalence was lower than that calculated using the habitual intake shown in Table 3 , owing to the broader distribution of the mean intake, the decrease in inadequate intake after replacement was obvious.
Discussion
One-third to nearly one-half of these Japanese schoolchildren consumed excess fat, and SFA intake in almost all of them was greater than the DG value (≤7 E %) for Japanese adults. Major dietary sources of SFA were meat, dairy products and confectioneries. Adoption of low-fat milk and/or lean meat in daily meals would likely be a suitable means of reducing fat, particularly SFA intake in schoolchildren. Cessation of snack intake might also reduce SFA intake, albeit that the effect was not so large.
Fat intake in Japanese adults and children has been increasing steadily (10, 21, 22) . According to the National Health and Nutrition Survey in Japan, mean fat intake in 2003 was 23·1 E % in adult men and 24·9 E % in women, but increased to 25·5 E % and 27·2 E %, respectively, in 2015 (23) . The increase was not as apparent among children (28·4 E % in 2003 to 29·8 E % in 2015 in boys aged 7-14 years, 29·0 E % to 29·2 E % in the same period in girls of the same age) compared with adults, but their absolute intakes of both total fat and SFA were considerably higher than those for adults (10) . SFA intake in the Japanese population has been reported in the National Health and Nutrition Survey since 2011. The median SFA intake in 2014 was 19·1 g/d in boys aged 7-14 years, 17·8 g/d in girls, 14·2 g/d in adult men and 12·2 g/d in women (10) . The change in SFA intake was not clear due to the short period of observation. Higher intake of dairy products among children was reported in the National Health and Nutrition Survey (median intake: 256·0 g/d in children aged 7-14 years, 50·0 g/d in adults aged ≥20 years), which may be a major reason for the higher fat intake among children (10) . Intake of confectioneries was also higher in children (median intake: 20·0 g/d in children in the same age range, 0·0 g/d in adults) (10) . Given the increasing meat intake and decreasing fish intake among the Japanese population (10) , SFA intake could increase in the future and careful attention should be paid to it, particularly for children whose SFA intake is already higher than that of adults.
Several studies have reported serum cholesterol levels in Japanese. For adults, one study reported no significant change over the last 10 years (10) , whereas another study reported a slight increase in serum total cholesterol from 1990 to 2000 (24) . Among children, no trend was seen in serum total, HDL and non-HDL cholesterol from 1993 to 2008 (25) . Fat intake in Japan is still lower than in Western countries (8, 9) and this absolute low intake may be the reason for the non-significant change in serum lipids. On the other hand, mortality from heart disease has been increasing (157 deaths per 100 000 population per year in 2015) to become the second-leading cause of death in Japan (12) . Although this mortality is lower than 
value, reference value; E%, percentage of energy; DG, the tentative dietary goal for preventing life-style related diseases; AI, Adequate Intake; EER, estimated energy requirement. All intakes shown here were estimated habitual intakes. Habitual intake was calculated by the best-power method using a three-day diet record. †Nutrient intake of each day was energy-adjusted based on the assumption that every subject consumed the same amount of energy as his/her EER. ‡Prevalence of inadequacy is the percentage of children whose energy-adjusted habitual nutrient intake level was outside the range of the corresponding dietary reference intake value. The percentage of subjects whose intake was above the reference range is shown in parentheses. §Reference value for people aged over 18 years.
Fat intake among Japanese schoolchildren that in other countries (e.g. 167 deaths per 100 000 population per year in the USA in 2014 (26) ; 383·4 deaths (circulatory disease) and 132 deaths (IHD only) per 100 000 population per year in the EU in 2013 (27) ), careful monitoring of fat intake is important even in Japan to avoid further increases in CVD as a result of excess fat intake.
Since children need additional energy for growth, energy expenditure per kilogram of body weight is higher than in adults (7, 11) . In particular, the energy cost of growth in infants is high (10-30 % of total energy requirement in those aged <6 months) (28) and several dietary guidelines recommend higher fat intake for young children (<1 to <3 years of age) (6, 7, 11) . Regarding school-aged children, most guidelines recommend almost the same total fat and SFA as those for adults, and reported total fat and SFA intakes in E% among school-aged children are in fact the same as in adults in many countries (8, 9) . However, it seems that evidence to decide the optimum level of SFA intake specific for school-aged children is lacking worldwide, because, strictly speaking, cohort studies with a long follow-up period are needed to show the relationship between SFA intake in childhood and health outcomes in adulthood. Nupponen et al. reported that dietary counselling in childhood to reduce SFA intake was effective in prevention of metabolic syndrome in adolescence (29) , but they did not describe the absolute intake of SFA. In accordance with the fact that a number of dietary recommendations apply the recommended SFA intake for adults to children, we applied the DG for SFA in Japanese adults to children. Since dietary habits established in childhood track into later life (13) , this application may be the best way to define the recommendation for children at this time. On the other hand, Butte reported that lower fat intake (<30 E %) may be associated with inadequate vitamin and mineral intakes and increase the risk of poor growth in children, and that the current recommendation of 30 E % from dietary fat for children aged >2 years is sufficient for adequate growth (28) .
Based on our present results, the current status of fat intake in Japanese children is clearly better (i.e. lower) than that of children in many other developed countries. However, the percentage of energy from fat is higher in younger generations, particularly so in Japanese children (10) . Given that the trend of increasing total fat and SFA intakes might continue, it may be necessary to discuss whether SFA intake in children should even be restricted in Japan. 
1 ·8 †Contribution (%) of each food group as a source of SFA to total SFA intake is shown, calculated as: {[SFA intake (g) from each food group]/[daily total SFA intake (g)]} × 100. Only mean contributions greater than 1 % are shown. Table 4 Change in fat and other nutrient intakes † after replacing a food which is a major source of SFA with a lower-fat food in Japanese schoolchildren (n 910) from fourteen elementary and thirteen junior high schools in twelve prefectures of Japan, 2014 
7·9-10·9 * Prev. inadeq. for SFA ‡ % 9 2 ·9 9 1 ·6 9 3 ·2 8 9 ·2 9 1 ·8 8 8 ·4
We previously reported that the major dietary problem of Japanese schoolchildren was the intake of excess salt, excess fat and low dietary fibre (14) . Regarding fat, intakes of meat, dairy products and confectioneries are good targets for intervention to reduce fat, particularly SFA intake. These foods have also been reported as major dietary sources of SFA and cholesterol in other countries (6, 7) . For example, Rehm et al. reported that substituting skimmed or low-fat milk for whole, reduced-fat and flavoured milk reduced the percentage of energy from SFA by 2·5 E % and 1·4 E %, respectively, in the USA (30) . In Japan, whole milk is provided in school lunches. Inadequacy of Ca intake was much lower on a school day than on a non-school day (34·0 % v. 74·3 % in boys, 31·6 % v. 78·2 % in girls) as reported in our previous study (14) , and this is a beneficial effect of milk in school lunches. However, it may be necessary to discuss the fat content in milk to reduce SFA intake among Japanese children. The substitution of meat with fat may be more complex, but was attempted in the Dietary Intervention Study in Children (DISC) study (31) . In the present study, cessation of confectionery intake was not so effective in reducing fat, particularly SFA intake; intake was low, at approximately 20 g/4184 kJ (1000 kcal), and a number of children did not have the habit of snacking (data not shown). Thus, cessation of snacking can only be useful in those who habitually consume confectioneries. In Japanese children, the contribution of dairy products as a source of SFA decreased with age, whereas that of meat increased with age, suggesting that age-specific interventions may be effective in reducing fat intake. Sex differences were less obvious than those of age, but the contribution of meat as an SFA source was slightly larger in boys and that of confectioneries was larger in girls.
The present study has several strengths, which reflect those in our previous paper (14) . The study was schoolbased and nationwide, with a relatively high participation rate (76·9 %). The study areas were chosen from various prefectures of different characteristics and the selected schools were public ones without special food or health education. The generalizability of the results is considered to be sufficient. Additional strengths were its quantitative assessment of dietary intake and use of a three-day DR, which allowed us to estimate the habitual intake and dietary sources of each nutrient in the analysed population.
At the same time, several limitations also warrant mention. First, since most analyses were performed with stratification by sex and age, the number of children in each stratum was approximately 150. Although this might appear small for estimation of average intakes and exact distributions, results across strata were similar, and could be interpreted. Second, a three-day DR might be too short to allow habitual intake to be estimated with precision. However, given the heavy burden of DR assessment on participants, a period longer than 3 d was not considered feasible. Third, as nutrient content is not uniform even in the same kind of food (e.g. full-fat milk or meat with fat), changes in fat and nutrient intakes before and after food replacement may be inconstant. We used representative nutrition contents in the food composition table (15) and these must have provided the best estimations compared with other simulation methods.
Conclusions
Since one-third to nearly one-half of our Japanese schoolchildren consumed excess fat and SFA intake in almost all of them was greater than the DG value (≤7 E %) for Japanese adults, careful monitoring of fat intake in the Japanese population should be continued. The major dietary sources of SFA were meat, dairy products and confectioneries. Adoption of low-fat milk and/or lean meat in daily meals might be a suitable means of reducing the intake of fat, particularly SFA, in Japanese schoolchildren.
